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Introduction
Postoperative endophthalmitis (POE) is a rare but devastating complication after cataract surgery. POE caused by nontuberculous mycobacteria (NTM) is even less common. 1 To date, there have only been seven cases of POE after cataract surgery caused by Mycobacterium abscessus reported. 2e7 The present study reports two cases of POE caused by the same strain of M. abscessus from an eye clinic. The clinical features and treatment course are discussed.
Case reports Case 1
A 13-year-old girl underwent an uneventful cataract extraction and intraocular lens (IOL) implantation in her left eye for congenital cataract at a local clinic. During the 2 nd postoperative week, she experienced painful visual loss and photophobia in her left eye and was referred to our department. At presentation, her visual acuity in the left eye was only counting fingers at 10 cm. Biomicroscopic examination showed severe anterior chamber inflammation with hypopyon and dense vitritis that precluded fundal view (Fig. 1A) . Ocular ultrasonography demonstrated increased vitreous reflectivity with a flat retina and choroid.
As POE was suspected, she underwent an emergency diagnostic vitreous tap and intravitreal injection of 1 mg/ 0.1 mL of vancomycin, 2.25 mg/0.1 mL of ceftazidime, and 0.4 mg/0.1 mL of amikacin. In addition, the vitreous aspirate was sent for microbiological examination and culture. The postoperative regimens included topical administration of vancomycin 5% and amikacin 2% every 2 hours, intravenous injections of vancomycin 500 mg every 12 hours and ceftazidime 1 g every 8 hours. No microorganism was identified from the smears of the vitreous aspirate using Gram's and acid-fast stains. The intraocular inflammation became more severe despite intravitreal antibiotics injection. She then underwent pars plana vitrectomy as well as further intravitreal injections of vancomycin, ceftazidime, and amikacin 5 days later. Microbiological examination of the vitreous specimen obtained from the vitrectomy revealed acid-fast bacilli. The aerobic culture of the vitreous aspirate of the initial vitreous tap also grew acid-fast bacilli, which was considered to be Runyon Group IV mycobacterium due to its rapid growth. The treatment regimen was then switched to topical application of moxifloxacin 5% and amikacin 2%, and oral administration of clarithromycin 500 mg twice a day.
After vitrectomy and intensified antibiotic therapy, the intraocular inflammation did not subside. Moreover, white plaques began to appear in the capsular bag and vitreous inflammation was persistent, which prompted us to repeat vitrectomy and IOL removal 3 weeks later. During the operation, the vitreous opacities were too dense to be completely removed. At the completion of vitrectomy, 0.6 mg/0.1 mL of amikacin and 0.6 mg/0.1 mL of betamethasone were injected intravitreally. During the postoperative follow-up, the intraocular inflammation gradually subsided; however, the left eye became phthisical and lost light perception. The isolated acid-fast bacilli were later isolated and identified as M. abscessus complex by polymerase chain reactionerestriction enzyme analysis (PCR-REA), a method described previously. 8 
Case 2
A 67-year-old man underwent uneventful phacoemulsification and IOL implantation in the left eye. Three weeks after cataract surgery, he started to have blurred vision, which gradually deteriorated despite medical treatment in a local eye clinic. Three months postoperatively, he was referred to us with reduced vision and redness in the left eye. At presentation, his visual acuity in the left eye was 2/200 and biomicroscopic examination showed mild corneal edema, moderate anterior chamber inflammation and hypopyon (Fig. 1B) . After pupil dilation, white plaques of various sizes were noted in the capsular bag (Fig. 1C) . Fundal view was obscured by severe vitritis.
Further history taking disclosed that he had received cataract surgery at the same clinic on the same day as that in Case 1. Based on this history, we became highly suspicious that he might also have M. abscessus endophthalmitis. He then underwent pars plana vitrectomy combined with an intravitreal injection of 1 mg/0.1 mL of vancomycin, 2.25 mg/0.1 mL of ceftazidime, 0.6 mg/0.1 mL of amikacin, and 0.4 mg/0.1 mL of betamethasone. As the opacified vitreous could be removed completely during the vitrectomy, it was decided intentionally not to remove the IOLcapsular bag complex, in the hope of avoiding a secondary IOL implantation. Smear examination of the vitreous specimens revealed acid-fast bacilli, which were also grown from vitreous specimen on blood agar on postoperative Day 4. Even under intensive topical applications of moxifloxacin 0.5%, amikacin 2%, and prednisolone 1% and oral administration of clarithromycin 500 mg and ciprofloxacin 500 mg twice a day, his vision continued to deteriorate after vitrectomy as white plaques reappeared in the capsular bag.
During the postoperative follow-up, subconjunctival abscesses with scleral necrosis occurred consecutively at the 3-o'clock ( Fig. 1D) and 5-o'clock positions, respectively. As we performed surgical debridement for abscesses, it was noted that abscesses corresponded to sclerotomy sites created during pars plana vitrectomy. Culture of the scleral specimens again grew acid-fast bacilli. After debridement, the patient was treated with oral moxifloxacin 400 mg daily; however, white plaques in the capsular bag continued to coalesce into a thick fibrinous membrane. The patient received a total of four intravitreal injections within a 1-month period to treat the persistent infection. After resolution of intraocular inflammation, the eye became phthisical. Acid-fast bacilli in the vitreous specimen and the scleral specimen were all identified as M. abscessus complex by PCR-REA. 8 
Arbitrarily primed PCR
To identify whether the isolates of M. abscessus from the two patients were of the same strain, arbitrarily primed (AP)-PCR was adopted. The DNAs of M. abscessus from our cases, and type strain of M. abscessus CCUG 20993 T were extracted. AP-PCR was then performed using the primer for amplification of repeat motifs the enterobacterial repetitive intergenic consensus motifs 1R; sequence 5 0 -ATC-TAAGCTCCTGGGGATTCAC-3 0 . The details of the procedure are described elsewhere. 9 The AP-PCR patterns of the two cases are shown in Fig. 1E . The patterns of M. abscessus from Case 1 and Case 2 were the same, indicating that they were the same strains, whereas the pattern of the type strain was different.
Sequencing of the erythromycin ribosome methyltransferase gene
To identify the species of the isolates of M. abscessus complex from our two patients, sequencing of erythromycin ribosome methyltransferase gene [erm (41)] was performed as described by Kim et al. 10 Briefly, the DNAs of M. abscessus complex from our cases, type strains of M. abscessus subspecies abscessus (M. abscessus sensu stricto CCUG 20193 T ) were extracted and amplified by PCR using the primer pair ermF (5 0 -GACCGGGGCCTTCTTCGTGAT-3 0 ) and ermR1 (5 0 -GACTTCCCCGCACCGATTCC-3 0 ). PCR products were then purified and sequenced, and a basic local alignment search tool (BLAST) search for sequence similarities was made in GenBank to determine the species names. The erm (41) sequence analysis revealed that both strains of our cases show highest similarities to M. abscessus sensu stricto, this indicated that our cases were M. abscessus sensu stricto.
Pulsed-field gel electrophoresis
Pulsed-field gel electrophoresis (PFGE) was adopted to type the 2 strains. The method is largely based on the methods of Matsumoto et al. 11 Briefly, cells of M. abscessus were collected, suspended, and pipetted into disposable plug molds. The plugs containing the genomic DNA were digested with AseI and incubated at 37 C. PFGE was carried out at 14 C for 27 hours. Bacteriophage lambda ladder PFG marker was used as a molecular size standard. The gel photographs were then scanned and analyzed.
The PFGE patterns are shown in Fig. 1F . The patterns reveal that the two strains are identical.
Discussion
Ubiquitous in nature, M. abscessus has been discovered in soil, bioaerosols, and municipal tap water. 6 M. abscessus tends to form a biofilm, and is one of the most chemotherapy-resistant species of NTM. There has been an increasing incidence of ocular infections caused by NTM in recent years. 12 Most common isolates are rapidly growing NTM, especially M. abscessus and Mycobacterium chelonae. Despite this trend, POE caused by M. abscessus after cataract surgery is rarely reported (Table 1). 2e7 POE caused by M. abscessus usually has certain characteristics of chronic POE, such as delayed and indolent inflammation, white plaques of the capsular bag, recurrence of inflammation despite initial treatment, and inflammation that could only be partially suppressed by corticosteroids. 3 As for treatment, all cases showed a poor response to topical antibiotics and required surgical interventions to eliminate the infection. However, except for one case 5 that retained useful visual acuity, all of the reported cases had very poor visual outcome. 2e4,6,7 Our study reconfirms that ocular infection caused by NTM is associated with biomaterials. 12 To date, all reported cases of POE caused by M. abscessus after cataract surgery involve IOL implantation in the causative procedure (Table 1) .
In our experience of managing these two challenging cases, we found that a more aggressive surgical intervention seems to be a requisite for effecting a cure. In Case 1, preservation of the IOLecapsule complex at the first vitrectomy resulted in persistent intraocular inflammation, which was resolved only when the IOL was removed during the second vitrectomy. In Case 2, the intentionally retained IOLecapsule complex resulted in a protracted course of infection and prolonged treatment duration. It has been reported that M. abscessus can be obtained from the IOLecapsule complex even after intravitreal injection of amikacin.
3 Therefore, we postulate that M. abscessus forms a biofilm in the IOLecapsule complex as an intraocular reservoir, thus impairing the penetration of antibiotics. Removal of the IOLecapsule complex during the first intraocular intervention should be adopted for the treatment of M. abscessus endophthalmitis.
Scleritis is rarely seen as a complication in vitreoretinal surgeries. In Case 2, M. abscessus extended extraocularly and manifested as scleritis after vitrectomy. In the literature, scleritis after vitrectomy has also been reported in POE associated with M. abscessus. 4, 6 The mechanism might be direct inoculation of the pathogens into scleral tissues during vitrectomy. We proved this hypothesis by culture of the scleral tissue in Case 2.
To our knowledge, this is the first report of a cluster POE caused by the same strain of M. abscessus. A review of nosocomial outbreaks caused by NTM 13 found that inadequate sterilization of equipment and the use of contaminated water and reused needles to extract medication to be the major causes. Due to the poor prognosis, we emphasize the importance of a strict sterilization procedure to prevent such outbreaks. The time between cataract surgery and the onset of symptoms. AP-PCR Z arbitrarily primed polymerase chain reaction (PCR); AV Z anterior vitrectomy; BCVA Z best corrected visual acuity; CF Z counting fingers; erm (41) PCR Z erythromycin ribosome methyltransferase gene PCR; IOL Z intraocular lens; HM Z hand motions; NLP Z no light perception; PCR-REA Z PCRerestriction enzyme analysis; PFGE Z pulsed-field gel electrophoresis; Phaco Z phacoemulsification; PK Z penetrating keratoplasty; PPV Z pars plana vitrectomy.
